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(57)  Afuelnozzle assembly (34) for use with a turbine
engine is described herein. The fuel nozzle assembly
includes a plurality of fuel nozzles (38) positioned within
an air plenum defined by a casing. Each of the plurality
of fuel nozzles is coupled to a combustion liner (54) de-
fining a combustion chamber. Each of the plurality of fuel
nozzles includes a housing (84) that includes an inner
surface that defines a cooling fluid plenum and a fuel

FIG. 3

Combustor assembly for use in a turbine engine and methods of assembling same

plenum therein, and a plurality of mixing tubes (128) ex-
tending through the housing. Each of the mixing tubes
includes an inner surface defining a flow channel extend-
ing between the air plenum and the combustion chamber.
At least one mixing tube of the plurality of mixing tubes
comprises at least one cooling fluid aperture for chan-
neling a flow of cooling fluid from the cooling fluid plenum
to the flow channel.
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter described herein relates
generally to turbine engines and more particularly, to
combustor assemblies for use in turbine engines.
[0002] Atleast some known gas turbine engines ignite
a fuel-air mixture in a combustor assembly to generate
a combustion gas stream that is channeled to a turbine
via a hot gas path. Compressed air is delivered to the
combustor assembly from a compressor. Known com-
bustor assemblies include a combustor liner that defines
a combustion region, and a plurality of fuel nozzle as-
semblies that enable fuel and air delivery to the combus-
tion region. The turbine converts the thermal energy of
the combustion gas stream to mechanical energy used
to rotate a turbine shaft. The output of the turbine may
be used to power a machine, for example, an electric
generator or a pump.

[0003] Atleast some known fuel nozzle assemblies in-
clude tube assemblies or micro-mixers that enable mix-
ing of substances, such as diluents, gases, and/or air
with fuel, to generate a fuel mixture for combustion. Such
fuel mixtures may include a hydrogen gas (H,) that is
mixed with fuel to create a high hydrogen fuel mixture
that is channeled to the combustion region. During com-
bustion of fuel mixtures, atleast some known combustors
may experience flame holding or flashback in which the
combustion flame travels upstream towards the fuel noz-
zle assembly. Such flame holding/flashback events may
result in degradation of emissions performance, over-
heating, and/or damage to the fuel nozzle assembly.
[0004] In addition, during operation of at least some
known combustor assemblies, combustion of high hy-
drogen fuel mixtures may create a plurality of eddies ad-
jacent to an outer surface of the fuel nozzle assembly.
Such eddies may increase the temperature within the
combustion assembly and/or induce a screech tone fre-
quency thatinduces vibrations throughout the combustor
assembly and fuel nozzle assembly. Over time, contin-
ued operation with increased internal temperatures
and/or such vibrations may cause wear and/or may short-
en the useful life of the combustor assembly.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, a fuel nozzle assembly for use
with a turbine engine is provided. The fuel nozzle assem-
bly includes a plurality of fuel nozzles positioned within
an air plenum defined by a casing. Each of the plurality
of fuel nozzles is coupled to a combustion liner defining
a combustion chamber. Each of the plurality of fuel noz-
zles includes a housing that includes an inner surface
that defines a cooling fluid plenum and a fuel plenum
therein, and a plurality of mixing tubes extending through
the housing. Each of the mixing tubes includes an inner
surface defining a flow channel extending between the

10

15

20

25

30

35

40

45

50

55

air plenum and the combustion chamber. At least one
mixing tube of the plurality of mixing tubes includes at
least one cooling fluid aperture for channeling a flow of
cooling fluid from the cooling fluid plenum to the flow
channel. At least one cooling conduit is coupled in flow
communication with the cooling fluid plenum for chan-
neling a flow of cooling fluid to the cooling fluid plenum.
[0006] In another aspect, a combustor assembly for
use with a turbine engine is provided. The combustor
assembly includes a casing that includes an air plenum,
a combustor liner positioned within the casing and defin-
ing a combustion chamber therein, and a fuel nozzle as-
sembly as described above.

[0007] In a further aspect, a method of assembling a
fuel nozzle assembly for use with a turbine engine is pro-
vided. The method includes coupling a sidewall between
a forward endwall and an opposite aft endwall to form a
housing having an inner surface that defines a cavity
therein. An interior wall is coupled to the housing inner
surface such that a fuel plenum is defined between the
interior wall and the forward endwall, and such that a
cooling fluid plenum is defined between the interior wall
and the aft endwall. A plurality of mixing tubes are cou-
pled to the housing, such that each mixing tube of the
plurality of mixing tubes extends through the housing,
each of the plurality of mixing tubes including an inner
surface that defines a flow channel. At least one cooling
fluid aperture is defined through the at least one mixing
tube to couple the cooling fluid plenum in flow commu-
nication with the mixing tube flow channel. A cooling con-
duit is coupled to the housing such that the cooling con-
duit is coupled in flow communication with the cooling
fluid plenum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

FIG. 1 is a schematic illustration of an exemplary
turbine engine.

FIG. 2is a sectional view of an exemplary fuel nozzle
assembly that may be used with the turbine engine
shown in FIG. 1.

FIG. 3 is a sectional view of a portion of the fuel
nozzle assembly with a simplified tube arrangement
shown in FIG. 2 and taken along line 3-3.

FIG. 4 is an enlarged cross-sectional view of a por-
tion of an exemplary fuel nozzle that may be used
with the fuel nozzle assembly shown in FIG. 2 and
taken along area 4.

FIG. 5 is a sectional view of an alternative embodi-
ment of the fuel nozzle assembly shown in FIG. 2.
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FIG. 6 is a sectional view of a portion of the fuel
nozzle assembly shown in FIG. 5 and taken along
line 6-6.

FIG. 7 is an enlarged cross-sectional view of a por-
tion of an alternative embodiment of the fuel nozzle
shown in FIG. 5 and taken along area 7.

FIGS. 8-10 are enlarged cross-sectional views of al-
ternative embodiments of the fuel nozzle that may
be used with the fuel nozzle assembly shown in FIG.
5.

FIG. 11 is an enlarged sectional view of a portion of
the fuel nozzle shown in FIG. 4 and taken along area
11.

FIG. 12 is a sectional view of a portion of the fuel
nozzle shown FIG. 11 and taken along line 12-12.

FIGS. 13-15 are enlarged sectional views of alter-
native embodiments of the fuel nozzle shown in FIG.
11.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The exemplary methods and systems de-
scribed herein overcome at least some disadvantages
of at least some known combustor assemblies by pro-
viding a fuel nozzle assembly that includes a mixing tube
that is coupled to a cooling fluid plenum that enables
cooling fluid to be channeled through and/or around the
mixing tube into a combustion chamber to facilitate re-
ducing flame holding/flashback events and reduce NO,
emissions. Moreover, the mixing tube includes a fuel ap-
erture that enables fuel to be channeled into the mixing
tube, and a cooling aperture that is downstream of the
fuel aperture to enable cooling fluid to be channeled into
the mixing tube such that a boundary layer is formed
between the fuel mixture and the mixing tube. By chan-
neling cooling fluid into the mixing tube downstream from
the fuel mixture, the mixing tube facilitates reducing the
probability of flame holding/flashback of the fuel nozzle.
In addition, the fuel nozzle assembly includes a plurality
of openings that are oriented about the mixing tube to
enable cooling fluid to be channeled into the combustion
chamber to facilitate reducing the formation of eddies
that may induce screech tone frequencies within the fuel
nozzle assembly. By reducing the formation of such ed-
dies, undesired vibrations that may cause damage to the
fuel nozzle assembly are facilitated to be reduced, such
that the operating efficiency and useful life of the turbine
engine are increased.

[0010] As used herein, the term "cooling fluid" refers
to nitrogen, air, fuel, inert gases, or some combination
thereof, and/or any other fluid that enables the fuel nozzle
to function as described herein. As used herein, the term
"upstream" refers to a forward end of a turbine engine,
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and the term "downstream" refers to an aft end of a tur-
bine engine.

[0011] FIG. 1 is a schematic view of an exemplary tur-
bine engine 10. Turbine engine 10 includes an intake
section 12, a compressor section 14 that is downstream
from intake section 12, a combustor section 16 down-
stream from compressor section 14, a turbine section 18
downstream from combustor section 16, and an exhaust
section 20 downstream from turbine section 18. Turbine
section 18 is coupled to compressor section 14 via a rotor
assembly 22 that includes a shaft 24 that extends along
a centerline axis 26. Moreover, turbine section 18 is ro-
tatably coupled to compressor section 14 and to a load
28 such as, but not limited to, an electrical generator
and/or a mechanical drive application. In the exemplary
embodiment, combustor section 16 includes a plurality
of combustor assemblies 30 that are each coupled in flow
communication with compressor section 14. Each com-
bustor assembly 30 includes a fuel nozzle assembly 34
that is coupled to a combustion chamber 36. In the ex-
emplary embodiment, each fuel nozzle assembly 34 in-
cludes a plurality of fuel nozzles 38 that are coupled to
combustion chamber 36 for delivering a fuel-air mixture
to combustion chamber 36. A fuel supply system 40 is
coupled to each fuel nozzle assembly 34 for channeling
a flow of fuel to fuel nozzle assembly 34. In addition, a
cooling fluid system 42 is coupled to each fuel nozzle
assembly 34 for channeling a flow of cooling fluid to each
fuel nozzle assembly 34.

[0012] During operation, air flows through compressor
section 14 and compressed air is discharged into com-
bustor section 16. Combustor assembly 30 injects fuel,
for example, natural gas and/or fuel oil, into the air flow,
ignites the fuel-air mixture to expand the fuel-air mixture
through combustion, and generates high temperature
combustion gases. Combustion gases are discharged
from combustor assembly 30 towards turbine section 18
wherein thermal energy in the gases is converted to me-
chanical rotational energy. Combustion gases impart ro-
tational energy to turbine section 18 and to rotor assem-
bly 22, which subsequently provides rotational power to
compressor section 14.

[0013] FIG. 2 is a sectional view of an exemplary fuel
nozzle assembly 34. FIG. 3 is a sectional view of a portion
of fuel nozzle assembly 34 with simplified tube arrange-
ment taken along line 3-3in FIG. 2. FIG. 4 is an enlarged
cross-sectional view of a portion of fuel nozzle 38 taken
along area 4 in FIG. 2. In the exemplary embodiment,
combustor assembly 30 includes a casing 44 that defines
a chamber 46 therein. An end cover 48 is coupled to an
outer portion 50 of casing 44 such that an air plenum 52
is defined within chamber 46. Compressor section 14
(shown in FIG. 1) is coupled in flow communication with
chamber 46 to channel compressed air downstream from
compressor section 14 to air plenum 52.

[0014] Inthe exemplary embodiment, each combustor
assembly 30 includes a combustor liner 54 that is posi-
tioned within chamber 46 and that is coupled in flow com-
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munication with turbine section 18 (shown in FIG. 1)
through a transition piece (not shown) and with compres-
sor section 14. Combustor liner 54 includes a substan-
tially cylindrically-shaped inner surface 56 that defines a
combustion chamber 36 that extends axially along a cen-
terline axis 58. Combustor liner 54 is coupled to fuel noz-
zle assembly 34 to enable fuel to be channeled into com-
bustion chamber 36. Combustion chamber 36 defines a
combustion gas flow path 60 that extends from fuel noz-
zle assembly 34 to turbine section 18. In the exemplary
embodiment, fuel nozzle assembly 34 receives a flow of
air from air plenum 52, receives a flow of fuel from fuel
supply system 40, and channels a mixture of fuel/air into
combustion chamber 36 to generate combustion gases.
[0015] Fuel nozzle assembly 34 includes a plurality of
fuel nozzles 38 that are at least partially positioned within
air plenum 52 and that are coupled to combustor liner
54. In the exemplary embodiment, fuel nozzle assembly
34 includes a plurality of outer nozzles 62 that are cir-
cumferentially-spaced about a center nozzle 64. Center
nozzle 64 is oriented along centerline axis 58.

[0016] In the exemplary embodiment, an end plate 70
is coupled to an outer portion 72 of combustor liner 54
such that combustion chamber 36 is defined between
end plate 70 and combustor liner 54. End plate 70 in-
cludes a plurality of openings 74 that extends through
end plate 70 and that are each sized and shaped to re-
ceive a fuel nozzle 38 therethrough. Each fuel nozzle 38
is positioned within a corresponding opening 74 such that
nozzle 38 is coupled in flow communication with com-
bustion chamber 36. In an alternative embodiment, fuel
nozzle assembly 34 does not include end plate 70, and
fuel nozzle 34 is coupled to an adjacent fuel nozzle 34.
[0017] Inthe exemplary embodiment, each fuel nozzle
38 includes a housing 84 that includes a sidewall 86 that
extends between a forward endwall 88 and an opposite
aftendwall 90. Aft endwall 90 is between forward endwall
88 and combustion chamber 36, and includes an outer
surface 92 that at least partially defines combustion
chamber 36. Sidewall 86 includes a radially outer surface
94 and a radially inner surface 96. Radially inner surface
96 defines a substantially cylindrical cavity 98 that ex-
tends between forward endwall 88 and aft endwall 90,
along a longitudinal axis 100.

[0018] An interior wall 102 is positioned within cavity
98 and extends inward from inner surface 96 such that
a fuel plenum 104 is defined between interior wall 102
and forward endwall 88, and such that a cooling fluid
plenum 106 is defined between interior wall 102 and aft
endwall 90. In the exemplary embodiment, interior wall
102 is oriented such that cooling fluid plenum 106 is
downstream from fuel plenum 104 along longitudinal axis
100. Alternatively, interior wall 102 may be oriented such
that cooling fluid plenum 106 is upstream of fuel plenum
104.

[0019] In the exemplary embodiment, a fuel conduit
108 is coupled in flow communication with fuel plenum
104 for channeling fuel from fuel supply system 40 to fuel
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plenum 104. Fuel conduit 108 extends between end cov-
er 48 and housing 84 and includes an inner surface 110
that defines a fuel channel 112 that is coupled to fuel
plenum 104. Moreover, fuel conduit 108 is coupled to
forward endwall 88 and is oriented with respect to an
opening 114 that extends through forward endwall 88 to
couple fuel channel 112 to fuel plenum 104.

[0020] A plurality of cooling conduits 116 extends be-
tween cooling fluid system 42 (shown in FIG. 1) and fuel
nozzle assembly 34 for channeling cooling fluid to fuel
nozzle assembly 34. In the exemplary embodiment, each
cooling conduit 116 is coupled to a corresponding fuel
nozzle 38 for channeling a flow of cooling fluid 118 to
cooling fluid plenum 106. Moreover, each cooling conduit
116 includes an inner surface 122 that defines a cooling
channel 124, and each is coupled to interior wall 102
such that cooling channel 124 is in flow communication
with cooling fluid plenum 106. In the exemplary embod-
iment, cooling conduit 116 is within fuel conduit 108 and
extends through fuel plenum 104 to interior wall 102.
Cooling conduit 116 is oriented with respectto an opening
126 extending through interior wall 102 such that cooling
channel 124 is coupled in flow communication with cool-
ing fluid plenum 106. Moreover, cooling conduit 116 is
configured to inject cooling fluid 118 into mixing tubes
128 to facilitate improving flame holding/flashback mar-
gin and NO, performance. In addition, cooling conduit
116 channels at least a portion of cooling fluid 118 to-
wards aft endwall 90, and discharges cooling fluid 118
around an outlet of mixing tubes 128 to facilitate convec-
tive cooling of aft endwall 90.

[0021] In the exemplary embodiment, fuel nozzle 38
includes a plurality of mixing tubes 128 that each extend
through housing 84. Mixing tubes 128 are oriented in a
plurality of rows that extend outwardly from a center por-
tion 130 of fuel nozzle assembly 34 towards an outer
surface 132 of housing 84, and are spaced circumferen-
tially about nozzle center portion 130. Each mixing tube
128 includes a substantially cylindrical inner surface 134
that defines a flow channel 136 that extends between
forward endwall 88 and aft endwall 90 and along a cen-
terline axis 138. More specifically, inner surface 134 ex-
tends between an inlet opening 140 extending through
forward endwall 88, and an outlet opening 142 extending
through aft endwall 90, to couple air plenum 52 to com-
bustion chamber 36. In addition, each mixing tube 128
extends through a plurality of openings 144 defined in
interior wall 102. Flow channel 136 is sized and shaped
to enable air 146 to be channeled from air plenum 52 into
combustion chamber 36. In the exemplary embodiment,
each mixing tube 128 is substantially parallel to longitu-
dinal axis 100. Alternatively, at least one mixing tube 128
may be oriented obliquely with respect to longitudinal axis
100.

[0022] Inthe exemplary embodiment, at least one mix-
ing tube 128 includes at least one fuel aperture 148, and
at least one cooling fluid aperture 150 defined therein.
Fuel aperture 148 extends through mixing tube inner sur-
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face 134 to couple fuel plenum 104 to flow channel 136.
Fuel aperture 148 is configured to enable fuel 152 to be
channeled from fuel plenum 104 to flow channel 136 to
facilitate mixing fuel 152 with air 146 to form a fuel-air
mixture 154 that is channeled to combustion chamber
36. In the exemplary embodiment, fuel aperture 148 ex-
tends along a centerline axis 156 that is oriented sub-
stantially perpendicular to flow channel axis 138. Alter-
natively, fuel aperture 148 may be oriented obliquely with
respect to flow channel axis 138.

[0023] Coolingfluid aperture 150 extends through mix-
ing tube inner surface 134 to couple cooling fluid plenum
106 to flow channel 136. In the exemplary embodiment,
cooling fluid aperture 150 extends along a centerline axis
157 that is oriented obliquely with respect to flow channel
axis 138. Cooling fluid aperture 150 is sized and shaped
to discharge cooling fluid 118 into flow channel 136 to
facilitate forming a boundary layer 158 between mixing
tube inner surface 134 and fuel-air mixture 154, and to
facilitate reducing flame holding/flashback events within
mixing tube 128. In the exemplary embodiment, cooling
fluid aperture 150 is oriented with respect to flow channel
axis 158 such that cooling fluid 118 is discharged ob-
liquely towards outlet opening 142. Alternatively, cooling
fluid aperture 150 may be oriented substantially perpen-
dicularly with respect to flow channel axis 158. In another
embodiment, cooling fluid aperture 150 may be oriented
to discharge cooling fluid 118 towards inlet opening 140.
[0024] FIG. 5is a sectional view of an alternative em-
bodiment of fuel nozzle assembly 34. FIG. 6 is a sectional
view of a portion of fuel nozzle assembly 34 and taken
along line 6-6. FIG. 7 is an enlarged cross-sectional view
of a portion of fuel nozzle 38 and taken along area 7
shown in FIG. 5. Identical components shown in FIGS.
5-7 are labeled with the same reference numbers used
in FIGS. 2-4. In an alternative embodiment, an impinge-
ment plate 159 is coupled to end plate 70 and is spaced
a distance outwardly from end plate 70 such that a cham-
ber 160 is defined between end plate 70 and impinge-
ment plate 159. Sidewall outer surface 94 is coupled to
end plate 70 and impingement plate 159 such that cham-
ber 160 is defined between outer surface 94, impinge-
ment plate 159, and end plate 70. Sidewall 86 includes
at least one opening 161 that extends through sidewall
outer surface 94 to coupled cooling fluid plenum 106 with
chamber 160. Cooling conduit 116 is coupled to sidewall
outer surface 94 and oriented with respect to opening
161 to couple cooling channel 124 in flow communication
with cooling fluid plenum 106. More specifically, cooling
conduit 116 is coupled to impingement plate 159 such
that cooling channel 124 is in flow communication with
chamber 160. Opening 161 is sized and shaped to enable
cooling fluid to be channeled from cooling channel 124
to cooling fluid plenum 106. In addition, cooling conduit
116 is oriented to channel cooling fluid 118 towards end
plate 70 to facilitate convective cooling of end plate 70.
[0025] In addition, each cooling conduit 116 is coupled
to acooling manifold 162 thatincludes a plurality of valves
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(not shown) that correspond to each cooling conduit 116
to enable cooling fluid to be selectively channeled to each
cooling conduit 116.

[0026] FIGS. 8-10 are enlarged cross-sectional views
of alternative embodiments of fuel nozzle 38. Identical
components shown in FIGS. 8-10 are labeled with the
same reference numbers used in FIG. 7. Referring to
FIG. 8, in another embodiment, impingement plate 159
includes a plurality of impingement openings 163 that are
each sized and shaped to enable air from air plenum 52
to be channeled into chamber 160 to facilitate impinge-
ment cooling of end plate 70. In addition, end plate 70
includes a plurality of effusion openings 164 that extend
through end plate 70 and are each sized and shaped to
enable air to be channeled from chamber 160 into com-
bustion chamber 36 to facilitate cooling of end plate 70.
A separation wall 165 extends between cooling conduit
116 and end plate 70 to isolate cooling channel 124 from
chamber 160. Separation wall 165 is sized and shaped
to channel cooling fluid 118 from cooling channel 124 to
cooling fluid plenum 106 through opening 161.

[0027] Referring to FIGS. 9 and 10, in an alternative
embodiment, a divider wall 166 is coupled to cooling con-
duit 116 such thatdivider wall 166 atleast partially defines
cooling channel 124. Divider wall 166 is positioned be-
tween cooling conduit 116 and housing 84 such that a
chamber 167 is defined between divider wall 166 and
sidewall outer surface 94. Divider wall 166 includes at
least one opening 168 that extends through divider wall
166 to couple cooling channel 124 in flow communication
with chamber 167 such that cooling fluid 118 is channeled
from cooling channel 124, through chamber 167, and to
cooling fluid plenum 106. In addition, in one embodiment,
separation wall 165 includes at least one opening 169 to
coupled cooling channel 124 in flow communication with
chamber 160. In such an embodiment, impingement
plate 159 and end plate 70 may notinclude openings 163
and 164, respectively.

[0028] FIG. 11isanenlarged sectional view ofa portion
of fuel nozzle 38 and taken along area 11 shown in FIG.
4. FIG. 12 is a sectional view of a portion of fuel nozzle
38 taken along line 12-12 and shown FIG. 11. Identical
components shown in FIGS. 11 and 12 are labeled with
the same reference numbers used in FIGS. 2-4. In the
exemplary embodiment, aft endwall 90 includes a plural-
ity of cooling openings 170 that extend through aft end-
wall 90 to enable cooling fluid 118 to be channeled from
cooling fluid plenum 106 into combustion chamber 36.
Coolingopenings 170 are spaced circumferentially about
mixing tube 128. More specifically, fuel nozzle assembly
34 includes at least one set 172 of cooling openings 170
that are spaced circumferentially about an outer surface
174 of at least one mixing tube 128. In one embodiment,
fuel nozzle assembly 34 includes a plurality of sets 172
of coolingopening 170 that are each oriented with respect
to a corresponding mixing tube 128. Each cooling open-
ing 170 is sized and shaped to discharge cooling fluid
118 towards combustion chamber 36 to enable combus-
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tion flow dynamics downstream of endwall outer surface
92 to be adjusted such that secondary mixing of fuel and
air through opening 170 and outlet opening 142 occurs
to facilitate improving fuel and air mixing, and to facilitate
reducing an amplitude of screech tone frequency noise
generated during operation of combustor assembly 30.
[0029] In the exemplary embodiment, each cooling
opening 170 includes an inner surface 176 that extends
along a centerline axis 178 that is oriented substantially
parallel to mixing tube axis 138. Alternatively, each cool-
ing opening 170 may be oriented obliquely with respect
to mixing tube axis 138. In one embodiment, each cooling
opening 170 is oriented such that cooling fluid 118 is
discharged towards mixing tube flow channel 136. In an-
other embodiment, each cooling opening 170 is oriented
such that cooling fluid 118 is discharged away from mix-
ing tube 128.

[0030] FIGS. 13-15 are enlarged sectional views of an
alternative fuel nozzle 180. Identical components shown
in FIGS. 13-15 are labeled with the same reference num-
bers used in FIG. 11. Referring to FIG. 13, in an alterna-
tive embodiment, mixing tube 128 includes an inner sur-
face 134 that extends a distance 181 outwardly from aft
endwall outer surface 92, and towards combustion cham-
ber 36. Mixing tube 128 also includes a tip end 182 that
includes a tip surface 184 that extends between inner
surface 134 and outer surface 174. In the exemplary em-
bodiment, tip surface 184 is oriented at a first oblique
angle o4 with respect to aft endwall outer surface 92.
Each cooling opening 170 is oriented at a second oblique
angle a,, that is approximately equal to first oblique angle
a4 such that each cooling channel discharges cooling
fluid along tip surface 184, and towards flow channel 136.
[0031] Referring to FIG. 14, in another embodiment,
mixing tube 128 includes at least one slot 186 that is
defined along mixing tube outer surface 174 to couple
coolingfluid plenum 106 in flow communication with com-
bustion chamber 36. Slot 186 is sized and shaped to
discharge cooling fluid 118 from cooling fluid plenum 106
to combustion chamber 36 to facilitate forming a jet layer
188 around mixing tube outer surface 174, and across
aft endwall 90 to adjust combustion flow dynamics down-
stream of endwall outer surface 92 such that secondary
mixing of fuel and air through slot 186 and outlet opening
142 occurs to facilitate improving fuel and air mixing, and
to reduce an amplitude of screech tone frequency noise
generated during operation of combustor assembly 30.
In one embodiment, slot 186 is oriented substantially par-
allel to flow channel 136. Alternatively, slot 186 may be
oriented obliquely with respect to flow channel 136 such
that slot 186 extends from outer surface 174 towards
inner surface 134. In addition, inone embodiment, mixing
tube 128 includes a plurality of slots 186 oriented circum-
ferentially about outer surface 174. In another embodi-
ment, mixing tube 128 extends outwardly from endwall
outer surface 92 as shown in FIG. 13.

[0032] ReferringtoFIG. 15,inone embodiment, mixing
tube 128 includes at least one channel 190 extending
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from outer surface 174 towards mixing tube inner surface
122. Channel 190 extends through tip surface 184 to cou-
ple cooling fluid plenum 106 in flow communication with
combustion chamber 36. Channel 190 is sized and
shaped to enable cooling fluid to be channeled from cool-
ing fluid 118 from cooling fluid plenum 106 to combustion
chamber 36 to facilitate secondary mixing of fuel and air
through channel 190 and outlet opening 142.

[0033] The size, shape, and orientation of cooling fluid
aperture 150 are selected to facilitate channeling cooling
fluid into mixing tube 128 to facilitate reducing a flame
holding/flashback event and to facilitate mixing fuel/air
mixture with cooling fluid. In addition, the size, shape,
and orientation of cooling openings 170, slot 186, and
channel 190 are selected to facilitate forming a jet layer
across aft endwall 90 and within combustion chamber 36
to adjust combustion flow dynamics and to facilitate re-
ducing the amplitude of screech tone frequencies that
cause undesired vibrations within fuel nozzle assembly
34.

[0034] The above-described apparatus and methods
overcome at least some disadvantages of known com-
bustor assemblies by providing a fuel nozzle assembly
that includes a mixing tube that is coupled to a cooling
fluid plenum such that cooling fluid may be channeled
into the mixing tube to facilitate forming a boundary layer
between a fuel/air mixture and the mixing tube to reduce
undesirable flame holding/flashback events. Moreover,
the mixing tube includes a fuel aperture that enables fuel
to be channeled into the mixing tube, and a cooling ap-
erture that is downstream of the fuel aperture to enable
cooling fluid to be channeled into the mixing tube such
that a boundary layer is formed between the fuel mixture
and the mixing tube. By channeling cooling fluid into the
mixing tube downstream from the fuel mixture, the mixing
tube facilitates reducing the operating temperature of the
fuelnozzle. In addition, the fuel nozzle assembly includes
a plurality of openings that are oriented about the mixing
tube to enable cooling fluid to be channeled into the com-
bustion chamber to generate secondary mixing of the
fuel/air mixture with cooling fluid to reduce NOx forma-
tion, and to facilitate reducing the formation of eddies that
may induce screech tone frequencies within the fuel noz-
zle assembly. By reducing the formation of such eddies,
undesired vibrations that may cause damage to the fuel
nozzle assembly are facilitated to be reduced, such that
the operating efficiency and useful life of the turbine en-
gine are increased.

[0035] Exemplary embodiments of a combustor as-
sembly for use in a turbine engine and methods for as-
sembling the same are described above in detail. The
methods and apparatus are not limited to the specific
embodiments described herein, but rather, components
of systems and/or steps of the method may be utilized
independently and separately from other components
and/or steps described herein. For example, the methods
and apparatus may also be used in combination with oth-
er combustion systems and methods, and are not limited
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to practice with only the turbine engine assembly as de-
scribed herein. Rather, the exemplary embodiment can
be implemented and utilized in connection with many oth-
er combustion system applications.

[0036] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. Moreover,
references to "one embodiment" in the above description
are not intended to be interpreted as excluding the ex-
istence of additional embodiments that also incorporate
the recited features. In accordance with the principles of
the invention, any feature of a drawing may be referenced
and/or claimed in combination with any feature of any
other drawing.

[0037] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. A fuel nozzle assembly (34) for use with a turbine
engine (10), said fuel nozzle assembly comprising:

a plurality of fuel nozzles (38) positioned within
an air plenum defined by a casing (44), each of
said plurality of fuel nozzles coupled to a com-
bustion liner (54) defining a combustion cham-
ber, each of said plurality of fuel nozzles com-
prises:

a housing (84) comprising an inner surface
(96) that defines a cooling fluid plenum
(106) and a fuel plenum (104) therein; and
a plurality of mixing tubes (128) extending
through said housing, wherein each of said
mixing tubes comprises an inner surface
(134) defining a flow channel (136) extend-
ing between the air plenum and the com-
bustion chamber, at least one mixing tube
of said plurality of mixing tubes comprises
at least one cooling fluid aperture (150) for
channeling a flow of cooling fluid from said
cooling fluid plenum to said flow channel;
and

at least one cooling conduit (116) coupled
in flow communication with said cooling fluid
plenum for channeling a flow of cooling fluid
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to said cooling fluid plenum.

2. A fuel nozzle assembly (34) in accordance with
Claim 1, wherein said at least one mixing tube (128)
comprises at least one fuel aperture (148) for chan-
neling a flow of fuel from said fuel plenum (104) to
said flow channel (136).

3. A fuel nozzle assembly (34) in accordance with
Claim 1 or 2, wherein said housing (84) further com-
prises:

a sidewall (86) comprising an inner surface (96)
extending between a forward endwall (88) and
an opposite aft endwall (90); and

an interior wall (102) extending inwardly from
said sidewall inner surface such that said fuel
plenum (104) is defined between said interior
wall and said forward endwall, and such that said
cooling fluid plenum (106) is defined between
said interior wall and said aft endwall.

4. A fuel nozzle assembly (34) in accordance with
Claim 3, wherein said interior wall (102) comprises
an opening (126) extending through said interior
wall, said cooling conduit (116) coupled to said inte-
rior wall such that said interior wall opening couples
said cooling conduit in flow communication with said
cooling fluid plenum (106).

5. A fuel nozzle assembly (34) in accordance with
Claim 3 or 4, wherein said sidewall (86) comprises
at least one opening (161) extending through said
sidewall inner surface (96), said cooling conduit
(116) coupled to said sidewall such that said at least
one sidewall opening couples said cooling conduit
in flow communication with said cooling fluid plenum
(106).

6. A fuel nozzle assembly (34) in accordance with
Claim 5, further comprising:

an end plate (70) coupled to an outer surface
(94) of said sidewall (86); and

animpingement plate (159) coupled to said side-
wall outer surface and spaced outwardly from
said end plate such that a first chamber is de-
fined between said endplate and said impinge-
ment plate, said cooling conduit (116) coupled
to said impingement plate to channel a flow of
cooling fluid to said first chamber and to said
cooling fluid plenum (106).

7. A fuel nozzle assembly (34) in accordance with
Claim 6, further comprising a separation wall (165)
coupled between said cooling conduit (116) and said
end plate (70) to isolate said cooling conduit from
said first chamber.



8.

10.

1.

12.

13.

14.

15.
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A fuel nozzle assembly (34) in accordance with
Claim 7, wherein said separation wall (165) compris-
es atleast one opening (169) extending through said
separation wall to couple said cooling conduit (116)
in flow communication with said plurality of fuel noz-
zles (38).

A fuel nozzle assembly in accordance with Claim 7
or 8, further comprising a divider wall (162) coupled
between said cooling conduit (116) and said housing
sidewall (86) such that a second chamber (167) is
defined between said sidewall (86) and said divider
wall (162), said divider wall (162) comprising at least
one opening (168) extending through said divider
wall (162) to couple said cooling conduit (116) in flow
communication with said cooling fluid plenum (104)
through said chamber (167).

A fuel nozzle assembly in accordance with any of
Claims 3 to 8, further comprising a plurality of open-
ings (170) extending through said aft endwall (90) to
couple said cooling fluid plenum (104) to said com-
bustion chamber, said plurality of openings (170) ori-
ented circumferentially about said atleastone mixing
tube (128).

A fuel nozzle assembly in accordance with Claim 10,
wherein said at least one mixing tube (128) compris-
ing a tip end (182) that extends outwardly from said
aft endwall (90) towards said combustion chamber.

A fuel nozzle assembly in accordance with Claim 11,
wherein each of said plurality of openings (170) is
oriented at a first oblique angle with respect to said
aft endwall (90), said mixing tube tip end comprises
(182) a tip surface (184) that is oriented at a second
oblique angle that is approximately equal to said first
oblique angle.

A fuel nozzle assembly in accordance with any of
Claims 1 to 12, wherein said at least one mixing tube
(128) comprises an outer surface (180) and at least
one slot (186) defined along said outer surface (180)
to couple said cooling fluid plenum (104) in flow com-
munication with said combustion chamber.

A fuel nozzle assembly in accordance with any of
Claims 1 to 12, wherein said at least one mixing tube
(128) comprises a tip end (182) extending between
an inner surface (176) and an outer surface (180),
and at least one channel (190) extending from said
outer surface (180) towards said tip end (182) to
channel cooling fluid from said cooling fluid plenum
(104) towards the combustion chamber.

A combustor assembly (30) for use with a turbine
engine (30), said combustor assembly comprising:
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16.

17.

18.

19.

a casing (44) comprising an air plenum;

a combustor liner (54) positioned within said
casing and defining a combustion chamber
therein; and

a fuel nozzle assembly (34) as recited in any of
claims 1 to 14.

A method of assembling a fuel nozzle assembly (34)
for use with a turbine engine (10), said method com-
prising:

coupling a sidewall (86) between a forward end-
wall (88) and an opposite aft endwall (90) to form
a housing (84) having an inner surface (96) that
defines a cavity (98) therein;

coupling an interior wall (102) to the housing in-
ner surface (96) such that a fuel plenum (104)
is defined between the interior wall (102) and
the forward endwall (88), and such thata cooling
fluid plenum (106) is defined between the interior
wall (102) and the aft endwall (90);

coupling a plurality of mixing tubes (128) to the
housing (84), such that each mixing tube (128)
of the plurality of mixing tubes extends through
the housing (84), each of the plurality of mixing
tubes (128) including an inner surface (134) that
defines a flow channel (136);

defining at least one cooling fluid aperture (150)
through the at least one mixing tube (128) to
couple the cooling fluid plenum (106) in flow
communication with the mixing tube flow chan-
nel (136); and

coupling a cooling conduit (116) to the housing
(84) such that the cooling conduit (116) is cou-
pled in flow communication with the cooling fluid
plenum (106).

A method in accordance with Claim 16, further com-
prising defining a plurality of openings (170) through
the aftendwall (90) to couple the cooling fluid plenum
(106) in flow communication with the combustion
chamber, wherein the plurality of openings (170) are
oriented circumferentially about the at least one mix-
ing tube (128).

A method in accordance with Claim 16 or 17, further
comprising defining at least one slot (186) along an
outer surface (180) of the at least one mixing tube
(128) to couple the cooling fluid plenum (106) in flow
communication with the combustion chamber.

A method in accordance with any of Claims 16 to 18,
wherein at least one mixing tube (128) of the plurality
of mixing tubes includes a tip end (182) extending
between theinner surface (176) and an outer surface
(180), said method further comprises defining at
least one channel (190) extending from the mixing
tube outer surface (180) towards the tip end (182)
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to channel cooling fluid from the cooling fluid plenum
(106) towards the combustion chamber.

20. Amethod in accordance with any of Claims 16 to 19,
further comprising:

defining at least one opening (161) extending
through the housing sidewall (86); and
coupling the cooling conduit (116) to the sidewall
(86) such that the at least one sidewall opening
(161) couples the cooling conduit (116) in flow
communication with the cooling fluid plenum
(106).
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